and 8 of 30 RN patients (6 MI, 2 strokes, p > 0.05). Arterial hypertension developed in 14 DN (46.7%), in 12 (40%) after RN and in 15 controls. The CVE occurred after a median time of 68 months (5-231) and were related to a drop of ∼ 30% in the eGFR irrespective of the group. Conclusion: Decline of renal function after nephrectomy is the main risk factor for CVE. Close monitoring of renal function and new onset hypertension is warranted.
Introduction
Nephrectomy is a common procedure in urology due to different reasons. International guidelines recommend radical nephrectomy (RN) for large and complex renal cell carcinomas (>cT1b), which are not eligible for nephron sparing surgery [1] . Benign reasons for nephrectomy comprise functional kidneys due to, for example, hydronephrosis or stone disease. A very delicate indication is living kidney donation (DN), since it is an altruistic deed and risks should be carefully evaluated in advance.
The removal of a kidney may lead to reduced renal function by the loss of functional parenchyma and the development of end stage renal disease (ESRD) [2] , defined as estimated glomerular filtration rate (eGFR) <40 ml/min/1.73 m 2 body surface [3] . In the general population, an association between reduced renal function without regarding the causes and an increased risk of cardiovascular events (CVEs) has been described [2, 4] as well as an increase of blood pressure [3] .
Not surprisingly, large studies could state the same facts for RN [5] . Elevated incidence of CVEs could be described for patients after RN compared to the general population (p < 0.001) [6] , most likely due to the development of ESRD [7, 8] .
Death rates for patients undergoing DN were shown to be similar -30 days, 1 year and 15 years after surgeryto a healthy matched cohort (0.04 vs. 0.06%; p = 0.11) [9] ; this observation could also be shown in a cohort of older donors matched to non-donors (p = 0.70) [10] . ESRD was even proven to be lower in patients after DN compared to the general population (180 vs. 268 per million persons per year) [11] . Nevertheless, opinions differ, when discussing the incidence of CVEs after DN. Several studies comparing cardiovascular mortality in kidney donors to the general population stated no higher risk for kidney donors [9, [11] [12] [13] . Furthermore, no higher incidence of hypertension for patients was found after DN compared to the general population in a study by Garg et al. [14] comprising 2,028 kidney donors. The incidence of myocardial infarction (MI) and stent implantation in the coronary arteries or strokes were stated to be identical to the general population [14] . However, Mjoen et al. [15] showed an increased risk of ESRD and cardiovascular death (30.4% of all deaths in the donor group vs. 28.4% in the control group; p = 0.03) and a significant increased risk in all-cause mortality for patients 15 years after DN in comparison to a general population cohort eligible for kidney donation (p < 0.001).
The aim of our study was to compare the incidence of CVEs and ESRD in patients after DN to a cohort of patients treated by RN for renal cell cancer and to a control group of patients undergoing adenoma enucleation, who would be eligible for donor nephrectomy (DN).
Material and Methods
All patients, who underwent DN at our institution between 1998 and 2007, were called by telephone in August 2014 and interviewed for CVEs (MI, peripheral arterial disease, stroke) and newly diagnosed arterial hypertension (aH) since surgery. These parameters were used since they can be correlated to a certain date and easily enquired during a telephone interview. For this reason, we decided against coronary heart disease as a parameter, because it is slowly progressing. Last serum creatinine was documented for the last 6 months from the interview date. Patient files were searched for preoperative creatinine levels and for comorbidities possibly affecting the kidney or heart function like diabetes, hypertension, recurrent nephritis of any kind in the patients' history, neurogenic voiding disorders or any kind of heart disease and MI before surgery. Patients in all groups were excluded from the analysis, when any of these cardiovascular or kidney diseases were reported before surgery.
eGFR was estimated preoperatively and at time of follow-up using the Cockgroft-Gould formula.
All kidney donors were matched for age at the time of surgery to patients who had undergone RN at our institution for clear-cell renal cell carcinoma pT1 between 1990 and 1999. Healthy patients treated by open adenoma enucleation of a prostate adenoma, who would be eligible for a DN, served as a control group. All patients in these groups already had a complete follow-up due to phone interviews in 2013 and 2014 for different surveys. Since these patients had a follow-up longer than 138.5 months, it was reduced to be comparable to the follow-up of the kidney donors. CVEs were excluded, when they occurred later than the end of the reduced follow-up time. Serum creatinine levels were used to calculate the eGFR using the Cockgroft-Gould formula.
Continuous variables were reported as median value and interquartile ranges (IQRs) Normal distribution of continuous parameters such as age and follow-up period were tested using the unpaired t test. As this is an exploratory study and no adjustment for multiple testing was done, p values are descriptive only and p < 0.05 was considered to indicate significant differences. All statistical analyses were performed using SPSS 22.0.
Results
Between 1998 and 2007, 33 kidney donations were performed at our institution of which 30 donors could be contacted (15 men, 15 women). Data files were complete in all patients. For the whole study cohort, median age was 48.9 years (IQR 46-56) and median follow-up was 138.5 months (IQR 119-159). The clinical characteristics are shown in table 1 . The groups did not differ significantly in age and time of follow-up. Eighteen patients after RN were men and 12 were women.
Cardiovascular Events
Of the contacted 30 kidney donors, 4 (13.3%) patients developed a CVE, 3 patients developed a MI and 1patient developed stroke. At the time of the event, 2 patients were older than 60 years and 2 patients were younger. In the group of patients after RN, 8 (26.7%) patients developed a CVE. Six patients suffered from a MI, 2 from a stroke.
One of these patients was younger than 60 years at the time of the event. In the group of patients treated by open adenoma enucleation of the prostate (control group), 2 patients who were older than 60 years suffered from MI (6.7%). In comparison to the incidence of CVEs in the general population (10.5% for people between 50 and 65 years) [16] , there was no significant difference to the donor group (13.3%, p = 0.87) and the control group (6.6%, p = 0.77). In contrast, the group of patients undergoing RN showed a significant higher incidence (26.7%, p = 0.02). The events occurred at a median time of 50 months after DN, 121 months after RN and 81 months after adenoma enucleation.
The incidence of aH was comparable in all groups. After DN, 14 patients (46.7%) reported a newly diagnosed and treated aH; after RN, 12 patients (40%) and 15 (50%) patients in the control group developed aH. In the general population, the incidence of aH is described to be around 45% [16] . The difference reached no significance (p = 0.79 overall).
Renal Function eGFR was estimated for all patients preoperatively and at the time of follow-up. In the group of kidney donors eGFR subsided non-significantly from 74.3 ml/ min/1.73 m 2 body surface to 62.7 ml/min/173 m 2 body surface; in the control group, almost no decline of renal function was measurable. Again in contrast, patients after RN almost reached significance in reduction of eGFR. None of the patients suffered from ESRD or had to undergo dialysis. Renal function including the eGFRs preoperatively and at the time of latest follow-up is summarized in table 2 .
Patients with CVEs
To evaluate the impact of decline of renal function, we evaluated all patients with a CVE for renal function and compared them to the patients in the corresponding group without a CVE. The CVEs occurred after a median time of 68 months (5-231). Two of the patients with CVE after DN were female and 1 was male. The patient with a stroke was female. Two patients were older than 60 years at the time of the event, 2 younger. Median eGFR was preoperatively 82.2 ml/min/1.73 m 2 body surface and declined by 28.8% to 58.5 ml/min/1.73 m 2 body surface compared to 15.6% in the whole group (p = 0.03). Four of the patients with MI after RN were men and 2 were women. One woman was younger than 60 years at the time of event. The 2 patients who developed stroke were men. Median eGFR was preoperatively 64.1 ml/min/1.73 m 2 body surface and declined by 33.3% to 42.7 ml/min/1.73 m 2 body surface compared to 15.6% in the whole group (p = 0.02). In the control group, both patients with MI were older than 60 years at time of event, renal function had decreased by 10.2%, which was not significant compared to the decline in the remaining patients of the group (p = 0.77). Table 3 shows patients who suffered from a CVE in relation to their preoperative eGFR and their renal function at the time of the event.
Discussion
The aim of this study was to compare 2 groups of patients after nephrectomy both having an elevated incidence of CVEs in the long-term follow-up after surgery [6 , 15] and to weigh the incidence against each other. The decay of eGFR has been described as 13.98% in a 1-year follow-up [17] and 25.5% after RN in a 4.9-year follow-up [18] or 0.7% of eGFR per year [19] without regarding the incidence of CVEs, but no data are available for patients after DN. To our knowledge, this study is the first to compare patients after DN and RN for the decline of eGFR and the incidence of CVEs.
For patients after RN, our data support the leading opinion in the literature, which describes an elevated incidence of CVEs after surgery [6] . In our study, we found an incidence for CVEs of 26.6% for patients treated by RN, which is significantly higher than in the group of patients treated by open adenoma enucleation, which was eligible for DN (6.6%). As suspected, the 2 cases in this group comply with the incidence in general population and were not related to a reduced renal function. Concerning CVEs after DN, the opinions in the literature differ in recently published papers. Most papers were comparing patients after DN with the general population and found no higher incidence for CVEs or cardiovascular mortality [10, [12] [13] [14] . In contrast, Mjoen et al. [15] described an increased risk for ESRD and myocardial death for patients after DN in a 15-year follow-up compared to a group of patients eligible for kidney donation meeting the strict criteria as possible candidates for DN. The most relevant papers addressing renal function and cardiac events are listed in table 4 . Our data could not support this latest opinion for kidney donors. We found no significantly elevated incidence for CVEs compared to a group of patients eligible for DN, which may be due to our small patient cohort. Herein, more data are needed. We postulate that a prospective study with patients after DN matched for age and comorbidities to patients eligible for kidney donation with yearly controls of GFR and cardiovascular risk factors could provide the necessary data and furthermore help in deciding which pathology appears first. Up to now, there is no available data describing the decline of renal function being caused by CVEs or vice versa.
Even though the incidence of CVEs in the 2 groups after nephrectomy differed almost significantly, we think this observation is due to a bias, since we could show that the patients with CVEs had significantly worse renal function than the rest of the corresponding group ( tables 2 and 3 ). The decline of eGFR in all patients with a CVE was 2.6% per year. Patients without CVE in contrast lost 1.3% of eGFR per year and a decline of 0.7% per year are described in the literature for patients after RN [19] . In our study, the cause for CVEs was the drop of eGFR over the years. Most patients with CVEs showed a decline of GFR between 28 and 35%. These findings support the current opinion in literature [5, 6] .
The observation that almost significance was reached between the groups (DN vs. RN) seems to be due to the fact that patients for DN can be selected very carefully. Therefore, a better renal function can be expected beforehand to meet the strict criteria for kidney donation, whereas patients for RN have to undergo surgery in order to be cured from the tumor irrespective of their renal function, when a nephron sparing approach cannot be performed. Although small differences in preparation can be expected, the mode of surgery (DN vs. RN) seems to have no impact. Even though no patient developed ESRD, reduced renal function seems to be the main risk factor for developing CVEs after nephrectomy. We postulate that a close monitoring of renal function after nephrectomy and the immediate treatment of a new onset of hypertension could reduce the incidence of CVEs. Furthermore, measurement of the thickness of the wall of the internal carotid artery can be used for screening and evaluation of new onset risk for CVEs, since an increased thickness of the intima media by 0.1 mm displays an increased risk for MI by 10-15% and for stroke by 13-18% [20] . All patients after nephrectomy could undergo this simple procedure to prevent CVEs. But nevertheless, further studies with larger case numbers are needed.
Conclusion
The incidence of CVEs after RN seems to be higher compared to DN, but is most likely only due to the selection of patients eligible for DN, who generally have a better renal function preoperatively. Irrespective of the surgery performed, all patients, who had developed a CVE, showed a decline of renal function above the ordinary compared to the rest of the group.
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